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BACKGROUND: The intestine is not only the main target attacked by sepsis but also the vital 
organ which mediated sepsis. The recovery of the damaged intestinal barrier structure and function 
is related to the occurrence and outcome of multiple organ dysfunction syndrome (MODS). How to 
protect and reduce the damage of the intestinal mucosa and how to promote the reconstruction of 
the intestinal mucosa have been the important topics in sepsis for many years. This study aimed to 
investigate the influential factors of intestinal mucosal reconstruction after intestinal epithelial injury in 
vivo in a mouse model of sepsis. 

METHODS: Mice were subjected to cecal ligation and puncture (CLP) for induction of sepsis to 
assess intestinal mucosal damage, epithelial cell apoptosis, and transformed number of goblet cells, 
and to detect the concentration of TNF-a, IL-1 and TGF-[31 and TFF3 (trefoil factor 3) expression 
in the small intestinal mucosa. All above were performed by HE staining, western blot, ELISAand 
immunohistochemistry respectively. The experimental animals were divided into a sepsis group and a 
sham-operation group. The animals with sepsis were separately killed at 6 (7 animals), 24 (7 animals) 
and 48 hours (7 animals) after CLP. 

RESULTS: Injured intestinal mucosa was observed in the 3 groups under a light microscope, 
in which damage scores in the 24-hour and 48-hour groups were higher than in the 6-hour group and 
no difference was found between the two groups. Moreover, less of goblet cells or other epithelial 
cells adjacent to the injured surface migrated into the wound to cover the denuded area. The number 
of goblet cells was substantially decreased in the three CLP groups compared with the sham- 
operation group. Protein levels of IL-1 and TNF-a were significantly increased by 3-4 fold at all time 
points when compared with the sham-operation group, and cleaved caspase-3 by 4 fold. Although 
TFF3 expression was modestly increased for 6 hours after the onset of CLP, it appeared to decline at 
24 hours and 48 hours as shown by Western blot. A similar tendency was observed upon TGF-[31 , i.e. 
the protein level was not elevated at 24 hours and 48 hours, but increased modestly at 6 hours. 

CONCLUSIONS: Sepsis from CLP shows less restitution on the surface of injured intestinal 
mucosa. There is evidence that both constant inflammatory reaction and epithelial cell apoptosis may 
affect mucosal reestablishment of the intestine at the onset of sepsis. Mucosa after severe sepsis 
showed the state of high inflammation, and declined goblet cell function and mucosal reconstruction, 
which affected the repair of damaged intestinal barrier. Constant inflammatory reaction, and declined 
goblet cell function and mucosal reconstruction ability may affect the reestablishment of intestinal 
mucosa at the onset of sepsis. 
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INTRODUCTION 

Sepsis and sepsis-related multiple organ failure 
remain as major challenges for clinicians. In spite of 
the extensive research in the past, the pathophysiology 
of sepsis is still poorly understood, and hospitalization 
and mortality of septic patients increase year by year. 
To study the underlying mechanisms of sepsis and the 
associated systemic inflammatory response, several 
experimental animal models have been developed to 
mimic pathophysiologic changes in septic patients. Cecal 
ligation and puncture in rodents has become a widely 
used model for sepsis and is currently regarded as the 
gold standard in research. The intestine is not only the 
main target attacked by sepsis but also the vital organ 
which mediated the sepsis. The recovery of the damaged 
intestinal barrier structure and function is related to the 
occurrence and outcome of multiple organ dysfunction 
syndrome (MODS). [13] How to protect and reduce the 
damage of the intestinal mucosa, and how to promote 
the reconstruction of the intestinal mucosa have been the 
important topics of research in sepsis for many years. 
In this study, we investigated the influential factors of 
reconstruction of the intestinal mucosa for epithelial 
injury in vivo by a mouse model of sepsis. 

METHODS 

Experimental animals and grouping 

Kunming mice, weighing 20 to 25 g, which obtained 
from the Experimental Animal Center of Sun Yat-sen 
University in Guangzhou, China, were randomly divided 
into a sham-operation group and a sepsis group. In the 
sham-operation group, mice were only anesthetized and 
operated on, but were not subjected to cecal ligation 
and puncture (CLP). In the sepsis group, mice were 
subdivided into three groups according to the different 
time points after the sham-operation, namely, a 6-hour 
group, a 24-hour group, and a 48-hour group («=7). 
In addition, other 30 mice that underwent CLP were 
used for calculating the mortality rate. The experiment 
was completed in the pathophysiology laboratory of 
the Sun Yat-sen Institute of Cardiopulmonary Cerebral 
Resuscitation. 

Experimental model of sepsis 

Sepsis was induced by CLP. t4] After an overnight 
fasting, the mice were anesthetized with sodium 
pentobarbital intraperitoneally (100 mg/kg). Through a 
midline laparotomy, the cecum was exposed and ligated 
by No. 4 silk on 2/3. The distal end of the cecum was 



punctured for two times with No. 18 syringe needles, 
and was squeezed softly to make little intestinal contents 
into the abdomen. Two strips of 7* silk were left through 
the cecum. To avoid prolapse, we knotted the silk with 
two ends. Then the abdomen was closed to finish the 
operation. The mice were killed respectively at 6, 24, 48 
hours after the operation. Distal ileum specimens were 
collected and washed by PBS. They were treated with 4% 
paraformaldehyde (pH 7.4), frozen in liquid nitrogen, 
and stored at -8 °C. 

Histopathological examination 
Ileum pathology 

Paraformaldehyde fixed, paraffin embedded 
distal ileum specimens were cut into 4-5 urn thick 
sections, deparaffinized in xylene, and rehydyated in 
graded ethanol. The sections were then stained with 
hematoxylin-eosin (HE) for histological observation 
under a light microscope. 

Goblet cells in the mucosa 

The number of goblet cells in the sections obtained 
at different time points were counted. Ten crypts of the 
intestinal villus in each section were selected, and three 
sections per animal were taken on average. 

Assessment of damaged ileal mucosa 

Damage of the mucosa was observed as follows: 
Grade 0: normal structure of the intestinal mucosa; Grade 
1 : the subepithelial gap broaden at the apex of the villus, 
which accompanied by capillary blood congestion; Grade 
2: the subepithelial gap further broaden and epithelial 
layers separated from the lamina propria; Grade 3: a lot 
of epithelial layers separated from both sides of villi and 
a few villi exfoliated; Grade 4: lamina propria exposed 
because lots of villi exfoliated; Grade 5: the lamina 
propria digested and disintegrated, leading to ulceration. 

Western blot 

The expression of caspase-3 in the intestinal mucosa 
was determined by Western blot. The intestinal mucosa 
was scraped, and pre-cooled RIPA protein lysate was 
added into the intestinal mucosa and grinded. It was 
cracked for 30 minutes on ice with lysis buffer, then the 
supernatant was collected after the lysate was centrifuged 
at 20 000 g for 30 minutes at 4 °C. Protein concentration 
in the lysate was measured by PIERCE BCA™ Protein 
Assay kit (Thermo Fisher Scientific Inc. Rockford, USA), 
then the protein was saved in a -80 °C refrigerator. 
Protein (20 ug) samples were mixed with sample loading 
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buffer, heated for 5 minutes at 95 °C ,and separated by 
SDS-PAGE. Proteins were then transferred to Hybond 
ECL nitrocellulose membrane (Amersham Pharmacia 
Biotech Europe GmbH, Freiburg, Germany). Nonspecific 
binding sites were blocked in 5% nonfat milk and 0.1% 
Tween-20 in TBS for one hour at room temperature, after 
which the membrane was incubated in primary antibody 
buffer overnight by shaking gently at 4 °C, followed 
by washing three times in 0.1% TBST. Afterward, 
the membrane was incubated with peroxidase-labeled 
secondary antibodies at room temperature for 1 hour 
and again washed three times in 0.1% TBST. The 
blots were then detected using Lumi-Light (Roche, 
Mannheim, Germany) with a Kodak Imager. The bands 
corresponding to the detected protein were analyzed 
using Adobe Photoshop 7.0 software. 

Before electrophoresis, the protein was mixed with 
sample buffer at a 3:1 ratio, and denaturated at 100 °C 
for 5 minutes. Twenty ug protein samples were taken 
during electrophoresis with 12% polyacrylamide gel. 
After transfer to NC membrane after electrophoresis, 
the samples were blocked for one hour, and incubated 
at 4 °C with first antibodies (casase-3 antibodies from 
Cell Signaling Technology, USA; TFF3 purchased from 
Abeam), overnight. Then the HRP-labeled specific 
secondary antibody (U.S. Biological, USA) was added 
and the samples were incubated at room temperature 
for one hour and ECL reagent was exposed. The NC 
membrane was blocked again after elution, and the rabbit 
anti-mouse GAPDH antibody (Novus Biologicals) was 
used for blot reaction, scanning pictures and analyzing 
the band optical density. 

ELISA 

TNF-a, IL-1 and TGF-pi in the mucosa were 
analyzed with ELISA kit which was purchased from 
the Dakota Bio-technology Company. The Human 
Quantikine TGF-P 1 kit was bought from R&D Systems. 



Statistical analysis 

The data were expressed as mean±standard error. 
And comparisons were performed between groups of 
data using one-way ANOVA. A P value less than 0.05 
was considered statistically significant. All data were 
analyzed by SPSS 13.0 statistical software. 



RESULTS 

Analysis of mortality rate 

According to Figure 1, the mortality rate increased 
with the development of sepsis. The mortality rate was 
3.3% (1/30) within 12 hours, and 63.3% (19/30) within 
48 hours; the total mortality rate was 83.3%. No mice 
died after 72 hours, and none of the mice in the sham- 
operation group was dead. 

Pathological changes of the ileal mucosa 

Under a light microscope (Figures 2 and 3), seriously 
damaged ileal mucosa was observed at three time points. 
The damaged mucosal scores were 2.24, 3.01 and 3.13 
respectively in the 6-, 24- and 48-hour groups, and they 
were statistically different as compared to that of the 
sham-operation group (0.56) (P<0.01). The 24- and 
4 8 -hour groups showed more serious damage than the 
6-hour group. No obvious goblet cells were accumulated 
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Figure 1. Analysis of the mortality rate of 30 mice with sepsis. 
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in the intestinal villi or deciduous epithelial cells. The 
counts of goblet cells of the 6-, 24- and 48-hour groups 
were significantly lower than that of the sham-operation 
group. Moreover, those of the 24- and 48-hour groups 
were significantly lower than that of the 6-hour group. 

ELISA 

The levels of IL-6 and TNF-a of the three experimental 
groups were 3-4 fold higher than those of the sham- 
operation group (P<0.05). And the level of TGF-pi 
of the 6-hour group was higher than that of the sham- 
operation group; but the levels of the 24-hour and 48- 
hour groups were decreased more significantly than those 
of the 6-hour group (Table 1). 

Western blot 

The protein levels of caspase-3 in the intestinal 
mucosa of the 6-, 24-, 48-hour groups were 2-4 fold 
higher than those of the sham-operation group, but 
no statistical significance was seen in the groups. The 
TFF3 protein level in the mucosa of the 6-hour group 
was slightly increased compared with that of the sham- 
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Figure 3. Scores of damaged mucosa in the small intestine after CLP. 
Compared with the sham-operation group, P<0.01; compared with the 
6-hour group, # P<0.05. 
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Figure 4. Western blot showing caspase-3 expression in damaged 
intestinal mucosa after CLP (n=3). 



operation group; but the TFF3 protein levels of the 24-, 
48-hour groups were significantly lower than those of the 
sham-operation group (Figures 4 and 5). 



DISCUSSION 

Some studies have shown that damaged intestinal 
mucosa has the ability to repair itself rapidly, and can 
establish the continuity of surface epithelial cells in 
a short period of time. In our study, however, we did 
not find obvious rapid reconstruction of the intestinal 
mucosa in mice with cecal ligation and puncture (CLP)- 
induced sepsis. The goblet cells which were the major 
player in the reconstruction of the intestinal epithelia 
were not a large gathering around the damaged villi, but 
reduced instead. The expression of TFF3 and TGF-pi 
which play an important role in the reconstruction of the 
intestinal mucosa also showed a progressive reduction. 
Accompanied by increased pro-inflammatory cytokines 
and pro-apoptotic caspse-3 protein levels, these findings 
suggested that persistent mucosal inflammation, cell 
apoptosis of the intestinal epithelia and reduced ability 
of reconstruction were the influencing factors for the 
reconstruction of damaged intestinal mucosa. 

Repair of the intestinal epithelia has at least three 
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Figure 5. TFF3 expression of intestinal mucosa in the sham-operation, 
6-, 24- and 48-hour groups. Compared with the sham-operation group, 
> 0.05. 



Table 1. The levels of inflammatory mediators and number of goblet cells in intestinal mucosa after CLP (mean±SD, «=7) 



Groups 


TNF-a (pg/mL) 


IL-6 (pg/mL) 


TGF-pl (pg/mL) 


Goblet cells (10 villi crypt) 


Sham 


30.12±8.18 


16.10±5.65 


84.05±20.08 


107.24±9.64 


6-hour 


354.91±57.98 


148.77±35.76 


308.3 1±44.57 


118.77±11.88 


24-hour 


304.15±54.36 


136.17±34.07 


174.70±58.95 e 


89.49±17.22*" 


48-hour 


370.06±82.25 


153.04±25.03 


137.86±54.93 f 


81.83±14.42* # 



Compared with the sham-operation group, *P<0.05; compared with the 6-hour group, S P<0.0001. 
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different and overlapping mechanisms and is subjected 
to complex and tight regulation. [7] The epithelial cells 
near the damaged site cover the surfaces of the villi or 
mucosa through migration, and rebuild a new continuous 
villus surface. This repair without cell proliferation is 
called reconstruction, which happens in a few minutes 
to several hours after a damage to the mucosa, usually 
within 24 to 48 hours. Moreover, a physical barrier is 
required to prevent bacteria and endotoxin translocation. 
Then cell proliferation is moblized to complement the 
reduced cell number and proliferation of cells through 
differentiation. The mucosa will eventually meet the 
biological function of the mucosal epithelium.' 8 ' 91 Hence 
the first step for the repair of intestinal mucosal injury 
is the reconstruction of epithelial cells, in which goblet 
cells are particularly important. In the current study, 
goblet cells were not involved significantly in the 
reconstruction. TFF3, an important product of goblet 
cells, plays a key role in protecting the intestinal mucosa 
and promoting the reconstruction of damaged mucosa. 
Dignass et al [10] reported that the involvement of TFF3 
will increase the ability of goblet cells by 3-6 times in 
the reconstruction. Our studies' 11 ' 121 have also confirmed 
that the rapid reconstruction of damaged intestinal 
mucosa in hemorrhagic shock animals was accompanied 
by increased TFF3 expression. 

Like TFF3, TGF-(31 promotes the repair of damaged 
intestinal epithelia. TGF-pi can also promote the 
migration of intestinal epithelial cells to the damaged 
mucosa. 110131 In our study, TGF-pi in the 6-hour group 
showed a transient increase, followed by a rapid decline, 
and then approached to the level of the sham group. 
Since damaged cells can release part of TGF-pi, its 
true expression may be lower. In addition to supporting 
cell renewal, TGF-pi can regulate the inflammation 
of the mucous membrane by inhibiting the TNF-a and 
IFN-y expression of proinflammatory cytokines and 
increasing the IL-10 expression of antiinflammatory 
mediators.' 14 ' 151 Another study found that a number of 
other factors involving in tissue repair such as IL- 1 , IL-2 
and IFN-beta, and growth hormone (EGF and FGF) were 
activated by the TGF-pi -dependent pathway. Thus the 
low level of TGF-pi expression not only failed to reduce 
the inflammatory response, but also increased the injury 
of the intestinal epithelia and delayed healing after the 
damage.' 16 " 183 

The levels of inflammatory cytokines 6, 24, and 48 
hours after CLP were several times higher than those of 
the control group. This finding proved that there was a 
continuing inflammation in the mucosa. Inflammatory 



cytokines highly expressed in the intestinal mucosa can 
lead to apoptosis of a large number of intestinal epithelial 
cells, including goblet cells. The death of cells may be 
due to the decline of promoting repair factors or the 
inhibition of mucosal reconstruction or repair. 

Sepsis leads to intestinal mucosal injury, bacterial 
translocation, and further aggravation of intestinal and 
remote organ injury. Apoptosis of a large number of 
intestinal epithelial cells may damage the intestinal 
barrier. The decline in goblet cells and the expression 
of TFF3 and TGF-pi, which can protect the intestinal 
mucosa and promote its repair after damage, affect the 
repair of the damaged mucosa. 
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